A perfusion fMRI investigation of thematic and categorical context effects in the spoken production of object names by de Zubicaray, Greig et al.
 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
Semantic context effects  1 
A perfusion fMRI investigation of thematic and categorical context effects in the 
spoken production of object names 
 
Greig de Zubicaray
1
, Kori Johnson
1
, David Howard
2
, & Katie McMahon
1
 
1 
University of Queensland and 
2
 Newcastle University, UK 
 
 
Greig de Zubicaray, University of Queensland, School of Psychology, Brisbane, 
Australia. 
David Howard, School of Education, Communication and Language Sciences, 
Newcastle University, Newcastle-upon-Tyne, UK. 
Kori Johnson, University of Queensland, School of Health and Rehabilitation 
Sciences, Brisbane, Australia. 
Katie McMahon, University of Queensland, Centre for Advanced Imaging, Brisbane, 
Australia. 
 
 
Correspondence to: Greig de Zubicaray, School of Psychology, University of 
Queensland, Brisbane, QLD 4072, Australia. Ph. +617 3365 6802, Fax. +617 3365 
4466, Email: greig.dezubicaray@uq.edu.au 
*Manuscript
 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
Semantic context effects  2 
 
Abstract 
 
The context in which objects are presented influences the speed at which they are 
named. We employed the blocked cyclic naming paradigm and perfusion fMRI to 
investigate the mechanisms responsible for interference effects reported for 
thematically- and categorically-related compared to unrelated contexts. Naming 
objects in categorically homogeneous contexts induced a significant interference 
effect that accumulated from the second cycle onwards. This interference effect was 
associated with significant perfusion signal decreases in left middle and posterior 
lateral temporal cortex and the hippocampus. By contrast, thematically homogeneous 
contexts facilitated naming latencies significantly in the first cycle and did not differ 
from heterogeneous contexts thereafter, nor were they associated with any perfusion 
signal changes compared to heterogeneous contexts. These results are interpreted as 
being consistent with an account in which the interference effect both originates and 
has its locus at the lexical level, with an incremental learning mechanism adapting the 
activation levels of target lexical representations following access. We discuss the 
implications of these findings for accounts that assume thematic relations can be 
active lexical competitors or assume mandatory involvement of top-down control 
mechanisms in interference effects during naming. 
 
 
Keywords: semantic interference; object naming; lexical selection; spoken word 
production 
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1. Introduction 
The context in which objects are presented influences the speed at which they 
are named (Kroll & Stewart, 1994). Compared to arbitrary (or unrelated) contexts, 
semantic context effects on naming latencies can vary from facilitation to interference 
according to the nature of the relationship and whether target items are repeated (for a 
review, see Mahon et al., 2007). This paper is concerned with two types of semantic 
context effects in object naming, categorical and thematic. In the former, objects are 
members of the same category (e.g., animal) and are usually coordinates (e.g., duck 
and chicken) that share visual or structural features (such as feathers and wings), 
while in the latter the relationship instead refers to a common frame of reference, 
describing non-categorically related objects participating in the same scenario or 
event (such as duck and gun in a hunting context; see Estes, Golonka & Jones, 2011). 
An example of an experimental context manipulation is the blocked cyclic 
naming paradigm. The paradigm typically involves a small set of categorically related 
items that are presented repeatedly in pseudorandom order over several cycles in 
alternating homogeneous versus heterogeneous contexts. Within homogeneous 
contexts, the sets of objects are exemplars of the same category (e.g., all animals), 
whereas in heterogeneous contexts they are unrelated (e.g., animal, vehicle, furniture, 
fruit). Repeated access to the same semantic category in the homogeneous context 
results in slower object naming latencies compared to the heterogeneous context (e.g., 
Damian, Vigliocco & Levelt, 2001; Kroll & Stewart, 1994; see Belke & Stielow, 
2013 for a review). This interference effect usually manifests from the second 
presentation cycle onward, as evidenced by a significant interaction between context 
and cycle (Belke & Stielow, 2013). Within the first presentation cycle, reported 
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effects vary between either no difference in naming latencies between contexts, or a 
significant facilitation effect in the homogeneous context (e.g., Abdel Rahman & 
Melinger, 2007; Navarrete, Del Prato, & Mahon, 2012). 
Explanations of the interference effect generally propose the activation of 
shared conceptual features among categorically-related objects leads to co-activated 
lexical candidates, slowing target selection within the homogeneous context. Whether 
the mechanism for selecting among these candidates is a competitive process that 
continues until a target word is chosen or is instead more akin to a „horse race‟ in 
which the first candidate to pass a pre-determined threshold „wins‟ is a question that 
continues to dominate the literature (e.g., Abdel Rahman & Melinger, 2009; Mahon & 
Caramazza, 2009; Navarrete et al., 2012; Oppenheim, Dell, & Schwartz, 2010). In 
addition, there is little consensus about the origin and/or locus of the interference 
effect, with some authors suggesting it arises due to residual activation accumulating 
in conceptual representations leading to greater lexical competition (e.g., Belke, 2013; 
Kroll & Stewart, 1994), or that it originates in the connections between conceptual 
and lexical representations and has a lexical locus (e.g., Damian & Als, 2005; 
Oppenheim et al., 2010) or that it both originates and has its locus at the lexical (i.e., 
lemma) level (e.g., Damian et al., 2001). 
Recently, Abdel Rahman and Melinger (2007; see also Aristei et al., 2011) 
demonstrated a similar interference effect in blocked cyclic naming for objects 
presented in thematically related contexts. This novel result contrasted with the faster 
naming responses typically observed for objects presented in the context of 
thematically related distractor words in the picture-word interference (PWI) paradigm 
(see Abdel Rahman & Melinger, 2007). In order to explain the different results across 
naming paradigms, Abdel Rahman and Melinger (2007; 2009) proposed a swinging 
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lexical network model involving a competitive selection mechanism. According to 
this account, unless a cohort of lexical candidates is activated via converging 
activation of shared conceptual features, the net result is facilitation of naming 
responses due to semantic priming. When a cohort is activated, this produces one-to-
many competition within the lexical network, „swinging‟ the net result to interference 
(see Wheeldon & Monsell, 1994 for an earlier proposal of co-contributions of 
semantic priming and lexical competition). Thus, thematic facilitation in PWI reflects 
one-to-one competition between distractor and target object that does not offset 
semantic priming, whereas the interference effect observed for sets of thematically 
related items in the blocked cyclic naming paradigm is proposed to reflect one-to-
many competition that arises from converging conceptual activation induced by the 
homogeneous contexts. 
However, a close examination of the thematically related stimuli employed by 
Abdel Rahman and Melinger (2007; see also Aristei et al., 2011) reveals a potential 
confound: a number of the pictures shared object features in a manner akin to 
categorical relations. For example, in the „French‟ context/theme, a Frenchman is 
depicted wearing a beret and holding a baguette, yet is presented along with another 
beret and an eclaire (categorically related to the baguette). Two other headpieces, 
chapka and turban, were likewise shared within context sets for „Russia‟ and „Saudi 
Arabia‟, respectively. Turbans were also depicted on the heads of pilgrims in a picture 
of Mecca in the latter context. In the „USA‟ context, the American was depicted 
wearing a cowboy hat, and presented along with a categorically-related baseball cap. 
Consequently, it is possible that feature sharing among some of the thematically 
related objects might have resulted in co-activated lexical candidates, contributing to 
the interference effect observed.  
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An additional finding with the blocked cyclic naming paradigm is that the 
interference observed for objects presented in categorically homogeneous contexts is 
relatively persistent, surviving filler items and non-language (e.g., mental rotation) 
trials interspersed between target objects (e.g., Damian & Als., 2005; Navarrete et al., 
2012). This finding led Damian and Als (2005) to propose a competitive lexical 
selection account incorporating an incremental learning mechanism that could be 
implemented in terms of either an adaptation in the resting level of the target‟s lexical 
representation following access, or as weight changes in conceptual feature-to-lexical 
connections. Oppenheim et al. (2010) subsequently employed an incremental learning 
mechanism of the latter type in a computational simulation of the interference effect 
with lexical selection accomplished by a threshold (i.e., „horse race‟) rather than 
competitive mechanism. Their model also incorporated a mechanism that boosts all 
(i.e., target and non-target) lexical activity until the difference between the target and 
other candidates exceeds a threshold, with naming latencies correlated with the 
number of boosts required to achieve selection. 
Unlike the competitive selection accounts proposed to date (e.g., Abdel 
Rahman & Melinger, 2007, 2009; Belke & Stielow, 2013; Damian & Als, 2005), the 
Oppenheim et al. model explicitly assumes that the interference effect is cumulative, 
i.e., it simulates a monotonic increase over presentation cycles. However, in their 
review of 17 blocked cyclic naming studies Belke and Stielow (2013; see also Belke, 
2013) concluded that cumulative interference was not a typical finding, based on the 
absence of significant interactions reported in analyses omitting the first presentation 
cycle data. They offered an alternative account of the interference effect within a 
competitive selection framework, in which top-down control mechanisms in working 
memory bias selection towards task-relevant and away from task-irrelevant 
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representations. According to this account, the first presentation cycle allows 
participants to encode the categorically-related members of the object set as task-
relevant representations and to subsequently top-down bias them during lexical 
retrieval (Belke & Stielow, 2013). This biasing signal facilitates target selection in the 
heterogeneous context as it is applied to only one exemplar from the different 
categories within object sets, whereas it increases competition in the homogeneous 
contexts as it is applied to several co-activated exemplars from the same category. To 
support their account, Belke and Stielow (2013) noted Belke (2008) had demonstrated 
a significant exacerbation of the interference effect in the blocked cyclic naming 
paradigm during performance of a concurrent working memory task. 
 
1.1. Neuroanatomical correlates of mechanisms proposed to account for the 
interference effect 
A number of researchers have proposed the mechanisms responsible for the 
interference effect in the blocked cyclic naming paradigm are mediated by specific 
cortical structures. For example, Oppenheim et al. “tentatively” linked the operation 
of their booster mechanism with the left inferior frontal gyrus (LIFG), citing evidence 
from neuroimaging studies and lesion investigations of blocked cyclic naming. Belke 
and Stielow (2013) offered an alternative interpretation of this evidence and LIFG 
involvement in blocked cyclic naming in terms of a top-down control mechanism 
operating in working memory. In addition, there is consensus that lexical-level 
selection processes are associated with left middle and posterior lateral temporal 
cortical regions, supported by more general findings for speech production tasks 
reviewed by Indefrey and Levelt (2004; see also Indefrey, 2011). 
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Surprisingly, neuroimaging, lesion and cortical stimulation investigations of 
the interference effect in blocked cyclic naming have typically not included 
presentation cycle as a factor in their analyses, and so have conflated the potentially 
different processes engaged between the first and subsequent cycles of the task. 
Damian and Als (2005) proposed that the blocked cyclic naming paradigm might 
involve contributions from two separate mechanisms: a short-lived semantic priming 
effect in the first presentation cycle and a longer-lasting interference effect emerging 
with repetition in subsequent cycles (e.g., Wheeldon & Monsell, 1994; see also 
Navarrete et al., 2012). Semantic priming effects are observed reliably in LIFG (see 
Badre & Wagner, 2004; Lau, Phillips, & Poeppel, 2008 for reviews). Hence, this 
confound might explain the LIFG results reported in some studies of blocked cyclic 
naming. For example, presentation cycle was a “covariate of no interest” in Schnur et 
al.‟s (2009) fMRI analysis that reported significant activity in the LIFG and left 
posterior lateral temporal cortex. Schnur et al. also further constrained their LIFG 
region of interest (ROI) based on the activity observed in their first cycle data. Hence, 
the analysis involved non-independent data. The perfusion fMRI, 
magnetoencephalography (MEG) and electroencephalography (EEG) studies by 
Hocking et al. (2009), Maess et al. (2002) and Janssen et al. (2011), respectively, all 
presented results for the interference effect averaged over cycles. Neither Hocking et 
al. (2009) nor Maess et al. (2002) observed differential activity in the LIFG, although 
both observed interference-related activity in the left posterior temporal cortex. 
Janssen et al. (2011) reported that the interference effect did not correlate with event 
related potentials (ERPs) over frontal electrodes. 
Transcranial direct current stimulation (tDCS) investigations have also 
produced equivocal results. For example, Pisoni, Papagno, and Cattaneo (2012) 
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analyzed data averaged over all cycles, and reported stimulation over the left frontal 
and temporal cortices reduced and increased the interference effect, respectively. 
However, left frontal stimulation produced only a non-significant trend for faster 
naming latencies in the homogeneous context. Wirth et al. (2011) employed tDCS 
over the left dorsal frontal cortex, and analysed data averaged from the second cycle 
onward. In an initial analysis, they failed to detect a significant effect of stimulation. 
A subsequent analysis restricted to a subset of data involving naming latencies less 
than 1000 ms showed tDCS reduced the interference effect.      .  
To date, Aristei et al. (2011) have reported the only study to examine the 
neural correlates of interference effects in both categorically- and thematically-related 
contexts, employing the same pictures as Abdel Rahman and Melinger (2007). In 
addition, the authors employed a complex design that combined blocked cyclic 
naming and PWI paradigms. Specifically the pictures within homogeneous and 
heterogeneous contexts were also paired with auditorally-presented distractor words 
that likewise varied according to categorical or thematic relation. Aristei et al. (2011) 
reported significant effects over temporal and frontal cortex electrode sites. However, 
the effect over frontal electrodes was only present when the same blocking and 
distractor contexts were combined (i.e., categorically related distractors presented in 
categorically homogeneous blocks and thematically related distractors presented in 
thematically homogeneous blocks).  
Data averaged over cycles is also less likely to be informative with respect to 
the cortical correlates of incremental learning mechanisms (e.g., Damian & Als, 
2005). Oppenheim et al. (2010) proposed their incremental learning account was a 
“manifestation in speech production of a set of phenomena known in the memory 
literature as retrieval-induced-forgetting or RIF” (p. 228). In RIF paradigms, 
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participants study a list of category-item pairs (e.g., FRUIT-orange). Half of the 
studied items from half of the categories are then practiced during a retrieval phase by 
presenting the category and initial letter of the item as cue (e.g., FRUIT-o). In the 
final test phase, all items from all categories are retrieved by presenting the category 
and initial letter of the item as cue. Recall of the non-practiced items from the 
practiced categories is typically worse than that of the non-practiced items from the 
non-practiced categories – the RIF effect (Anderson, Bjork, & Bjork, 1994; Anderson 
et al., 2000; Norman, Newman, & Detre, 2007; see Levy & Anderson, 2008 for a 
review).  
Recent accounts of the RIF effect propose the right IFG and anterior cingulate 
cortex (ACC) are involved in suppressing or weakening activation levels of the non-
practiced items from the practiced categories that are retrieved via the hippocampus 
(Kuhl et al., 2007; Levy & Anderson, 2008; Norman et al., 2007; Wimber et al., 
2009). According to Oppenheim et al. (2010), their account of cumulative 
interference in blocked cyclic naming “better resembles” Norman et al.‟s (2007) 
inhibition model that attributes RIF effects to hippocampal operations (p. 244). 
Norman et al. (2007) also proposed augmenting their RIF model with roles for ACC 
and prefrontal cortical regions in conflict monitoring and top-down control, 
respectively. Irrespective of whether the interference effect does reflect a RIF-like 
phenomenon, there is a sizeable neurophysiological and modeling literature that 
independently attributes a key role to the hippocampus in incremental learning (for 
reviews, see Gluck, Meeter, & Meyers, 2003; Meeter, Myers & Gluck, 2005). In 
addition, at least one neuroimaging study has reported differential hippocampal 
activity associated with the interference effect in blocked cyclic naming, albeit based 
on data averaged over all cycles (Hocking et al., 2009). 
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All models of spoken word production implement connections between 
conceptual information and corresponding lexical representations. The Indefrey and 
Levelt (2004) meta-analysis identified visual and conceptual “lead-in processes” as 
reliably involving the ventral surface of temporal-occipital cortex, in addition to roles 
for left middle and posterior lateral temporal cortex in lexical-level (i.e., lemma) and 
phonological word form processing (i.e., lexeme), respectively. Considerable lesion 
and neuroimaging evidence from picture naming tasks implicates the perirhinal cortex 
(PRc) located on the ventral surface of the temporal lobe in processing feature overlap 
among objects (e.g., Bussey et al., 2005; Chan et al. 2011; Clarke et al., 2012; 
Hocking et al., 2009; Moss, et al. 2005; Tyler et al. 2004). Lesions to the PRc also 
impair the typical priming (i.e., facilitation) effect in exemplar generation observed 
following presentation of a list of categorically-related words, with fMRI activity in 
PRc during presentation of the prime list also reported to correlate with target 
exemplar generation in healthy participants (Wang, C., et al., 2010; Experiments 1 & 
2). Hence, if the interference effect originates due to accumulating conceptual 
activation (e.g., Belke, 2013; Kroll & Stewart, 1994) or arises in conceptual feature-
to-lexical connections (e.g., Damian & Als., 2005; Oppenheim et al., 2010) and has a 
lexical locus, the PRc is a plausible candidate region for demonstrating signal changes 
in conjunction with left mid-lateral temporal cortex.  
 
1.2. The present study 
Given the above, the purpose of the present study was to identify the cerebral 
regions involved in the interference effect induced by categorically- and thematically-
related homogeneous contexts in blocked cyclic naming from the second cycle 
onward. In order to investigate interference induced by thematically-related contexts, 
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we devised a novel set of stimuli that avoided object feature-sharing confounds (cf. 
Abdel Rahman & Melinger, 2007; Aristei et al., 2011). We employed arterial spin 
labeling (ASL), an fMRI imaging method that detects changes in cerebral perfusion 
associated with task performance. Perfusion fMRI has several advantages over blood 
oxygen level dependent (BOLD) fMRI. For instance, the signal is more directly 
related to neural activity, arising approximately 1-2 s earlier than the peak BOLD 
response (see Cavusoglu et al., 2012; Huppert et al., 2006), it provides a quantitative 
estimate of signal change in absolute units, and it is demonstrably less sensitive to 
speech-related susceptibility artifacts (Kemeny et al., 2005; for reviews, see Detre et 
al., 2012; Liu & Brown, 2007). This latter issue is particularly important for the 
present investigation, as speech-related motion-by-susceptibility confounds in BOLD 
fMRI are particularly prominent in areas such as the LIFG, hippocampus and PRc 
(see Mehta et al., 2006) - the regions of particular interest to the present study. There 
also appears to be less inter-individual variability in perfusion signal changes 
compared to the BOLD signal, resulting in increased sensitivity to group-level effects 
(Detre et al., 2012).  
Note that Abdel Rahman and Melinger‟s (2007, 2009) account attributes 
interference effects induced by both thematically- and categorically-related 
homogeneous contexts to lexical cohort activation, hence we reasonably expect to 
observe similar perfusion signal changes in these contexts compared to the 
heterogeneous one. In addition to the left mid-posterior lateral temporal cortex 
assumed to be involved in lexical-level selection (e.g., Belke & Stielow, 2013; 
Indefrey, 2011; Oppenheim et al., 2010), several authors have proposed increased 
engagement of the LIFG due to either the operation of a booster (Oppenheim et al., 
2010) or top-down biasing mechanism (e.g., Belke & Stielow, 2013; Schnur et al., 
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2009). In addition, if the interference effect originates at the conceptual feature level 
(e.g., Belke, 2013; Kroll & Stewart, 1994) or arises in conceptual feature-to-lexical 
connections (e.g., Damian & Als., 2005; Oppenheim et al., 2010), then it should be 
associated with perfusion signal changes in PRc paralleling those in left mid-posterior 
lateral temporal cortex. Alternatively, if the effect both originates and has its locus at 
the lexical level (e.g., Damian et al., 2001), then one would not necessarily expect to 
observe differential PRc activity. Incremental learning should be reflected in 
hippocampal signal changes (e.g., Gluck et al., 2003; Meeter et al., 2005; Norman et 
al., 2007). However, if a RIF-like mechanism is involved (e.g., Navarrete et al., 2010; 
Oppenheim et al., 2010), additional signal changes in the right IFG and ACC are 
likely to be observed (Kuhl et al., 2007; Levy & Anderson, 2008; Wimber et al., 
2009). Finally, unlike previous neuroimaging studies, we included presentation cycle 
as a factor in our analyses. In addition to examining perfusion changes across all 
cycles, we examined data from the second cycle onward, corresponding to the actual 
interference effect (see Belke & Stielow, 2013).  
 
2. Methods 
 
2.1. Participants  
Twenty-eight healthy participants (19 female, mean age 22.93 years, range 18-
35 years) performed the experiment. All were undergraduate or postgraduate students 
of the University of Queensland who were reimbursed AUD$30 for participating. All 
were right-handed native English speakers, without history of neurological or 
psychiatric disorder, substance dependence, or known hearing deficits. All had normal 
or corrected-to-normal vision and gave informed consent in accordance with the 
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protocol approved by the Medical Research Ethics Committee of the University of 
Queensland. Due to incomplete data for three participants (see Results), the final 
sample comprised 25 individuals (17 female, mean age 23.16 years, range 18-35 
years). 
 
2.2 Materials 
Sixteen black-and-white line drawings of common objects served as targets, 
selected from four semantic categories (people, vehicles, weapons, and animals) and 
distributed orthogonally between four thematic contexts (western, roman, arctic, and 
buccaneering; see Figure 1). Categorically homogenous blocks comprised members 
of the same category (e.g., cowboy, gladiator, eskimo, pirate), while thematically 
related blocks comprised members from different categories (gladiator, chariot, 
shield, lion). Four categorically, thematically and phonologically unrelated pictures 
were then assigned to four heterogenous/mixed blocks (e.g., pirate, sled, rifle, lion; 
see Appendix). Pictures were sourced from clipart depositories on the internet (e.g., 
Educational Technology Clearinghouse; http://etc.usf.edu/clipart) and Google images. 
Where needed, pictures were edited using Gimp software (http://www.gimp.org) to 
avoid feature sharing between items within each of the thematic contexts. Thematic 
contextual relations were verified via informal polling of an independent sample of 
first-year undergraduate psychology students for partial course-credit. Of note, a 
monkey (capuchin) was the animal deemed most likely to be encountered in a 
buccaneering context. This was due to the undergraduates‟ familiarity with the recent 
Disney movie franchise Pirates of the Caribbean and its sequels. They were less 
familiar with earlier film and television adaptations of Robert Louis Stephenson‟s 
Treasure Island featuring a bird (macaw/parrot) shouldered by the pirate Long John 
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Silver. None of the objects were associates (probabilities < .01 in either direction) 
according to the University of South Florida Free Association Norms (Nelson, 
McEvoy, & Schreiber, 2004) and Edinburgh Associative Thesaurus (Kiss et al., 
1973). 
 
-----Insert Figure 1 about here----- 
 
The twelve different blocks of four items per context (categorical, thematic, 
mixed) were then used to create 24 different experimental lists in which the 
presentation order of contexts was counterbalanced across lists according to a latin 
square design. The lists were generated using Mix software (van Casteren & Davis, 
2006) such that each block of four items was presented in pseudorandomized order 
for six cycles (24 trials), with the requirement that consecutive trials never comprised 
the same object or phonological onsets. Each list therefore consisted of 288 trials.  
 
2.3 Apparatus 
A desktop computer running MATLAB (Version 7.13, R2011b, The 
Mathworks; Natick, Massachusetts) software with the Cogent2000 (version 1.32; 
www.vislab.ucl.ac.uk/cogent_2000.php) toolbox was used to deliver the picture 
stimuli and record vocal responses on digital audio files (sampling rate 11 kHz). Line 
drawings were projected in black with a luminous white background onto a screen 
positioned at the rear of the MRI system that participants viewed through a mirror 
mounted on the head coil. The size of the pictures including background was 
approximately 10 cm wide by 10 cm high, and subtended approximately 10
o
 of visual 
angle when each participant was positioned for imaging. A 30 db attenuating headset 
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was used to reduce gradient noise. Naming responses were recorded on digital audio 
files using a custom positioned fibre-optic dual-channel noise-cancelling microphone 
attached to the head coil (FOMRI-III, Optoacoustics Ltd., Or-Yehuda, Israel; 
http://www.optoacoustics.com). Naming latencies were determined online with voice-
key code implemented in the Cogent2000 toolbox, and responses verified off-line 
using Audacity software (http://audacity.sourceforge.net) in case non-vocal noise 
triggered the voice key. 
 
2.4 Procedure 
 A blocked cyclic naming paradigm was employed. Following positioning in 
the scanner, participants were first familiarised with the set of experimental pictures 
with the appropriate label printed below. Over two consecutive practice blocks they 
were instructed to name the randomly presented pictures as fast and as accurately as 
possible. Erroneous naming responses were corrected. In a final block, they viewed 
the pictures without labels and were instructed to name the pictures per the 
instructions above. For the experimental sessions, each of the 24 experimental lists 
described in the Materials section above was assigned randomly to a single 
participant, and the 288 trials per list were presented in three consecutive imaging 
runs each comprising 96 trials (see Image acquisition details below). Participants 
were instructed to name the pictures as quickly and accurately as possible, and to 
refrain from correcting their response in the event of a naming error. Trial 
presentation involved the following sequence: A fixation point (+) was shown for 500 
ms, followed by the presentation of the picture for 1000 ms, and a blank screen for 
2000 ms.  
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2.5 Image Acquisition 
Images were acquired using a Siemens MAGNETOM Trio TIM System 
(Siemens Medical Solutions, Erlangen, Germany) operating at 3 Tesla and equipped 
with a 32-channel receive-only phased-array head coil. Perfusion data were acquired 
using a quantitative imaging of perfusion with a single subtraction, thin-slice TI1 
periodic saturation (Q2TIPS) with a proximal inversion with a control for off-
resonance effects (PICORE) labeling technique (Luh et al., 1999). The saturation slab 
was applied inferior to the imaging slices, and was 20 mm thicker than the imaging 
slab, with a 10 mm margin at each edge, to ensure optimum inversion. In each of 
three consecutive sessions, an initial M0 image followed by 144 interleaved control 
and label images were acquired using a gradient-echo single shot echoplanar imaging 
(EPI) readout with the following parameters: TI1 = 700 ms, TI2 = 1800 ms, TR/TE = 
2500/11 ms, matrix = 64×64, voxel in-plane resolution = 3×3 mm, flip angle = 90° 
and parallel imaging (PI) reduction factor of 2 for optimal image quality (Ferré et al., 
2012). Volumes comprised 16 slices, 6 mm thick with a 1.5 mm gap, and were 
oriented to ensure coverage of the whole cerebrum and most of the cerebellum. Prior 
to these sessions, we elected to acquire a separate M0 image with a longer TR of 
10000 ms to maximize SNR for the equilibrium brain tissue magnetization used to 
normalize the difference perfusion maps. The first five volumes of each 145 volume 
session (consisting of the manufacturer‟s M0 and two control and label images) were 
discarded. Head movement was limited by foam padding within the head coil. A T1-
weighted structural image was acquired last using a magnetisation-prepared rapid 
acquisition gradient-echo (MPRAGE) sequence (512 x 512 matrix, in plane resolution 
.45 x .45 mm, 192 slices, slice thickness .9 mm, flip angle 7
o
, TI 1100ms, TR 2530 
ms, TE 2.32ms).  
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2.6 Image Analysis 
 Data preprocessing and analysis were conducted with the ASL toolbox 
(ASLtbx; Wang, Z., et al., 2008) within statistical parametric mapping software 
(SPM8; Wellcome Department of Imaging Neuroscience, Queen Square, London, 
UK). Motion correction for the ASL image series was carried out using INRIalign 
(Freire, Roche & Mangin, 2002), realigning subsequent images to the first image of 
the first series. The realigned series were smoothed with a 6 mm FWHM isotropic 
Gaussian kernel to reduce signal outliers by improving the spatial signal-to-noise ratio 
(SNR) of both control and label images (Wang, Z., et al., 2008). The T1-weighted 
image was segmented using the „New Segment‟ procedure, and an intracranial mask 
generated to exclude extracranial voxels for CBF calculation. Perfusion imaging time 
series were then constructed for each participant by implementing a pairwise simple 
subtraction between temporally adjacent label (tagged) and control acquisitions, 
resulting in image volumes with an effective TR of 5 s (Liu & Wong, 2004). A mean 
image was created from the perfusion timeseries, and coregistered to the T1-weighted 
structural image. The deformation fields produced by the „New Segment‟ procedure 
for spatial normalisation to MNI atlas space were then applied to the perfusion 
imaging time series, and volumes resliced to 2 mm
3
 voxels. 
We conducted two-stage, mixed-effects model statistical analyses. At the 
participant/fixed effects level, event types corresponding to the items in the three 
experimental blocking contexts (thematic, categorical and mixed blocks) in each of 
the six cycles were modeled as effects of interest with delta functions representing 
each picture onset, and convolved with a synthetic haemodynamic response function 
(HRF) for each session. First order time (i.e., linear) modulations for all event types 
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were included to accommodate between session variability. Error trials were modeled 
separately as a regressor of no interest per session. Global perfusion signal 
fluctuations were included per session as nuisance regressors to reduce between 
session and between subject variability and enhance SNR (Wang, Z., 2012). In 
addition, the segmented grey matter image from each participant was included as an 
explicit mask. Temporal filtering was not employed due to its deleterious effects on 
perfusion analyses (Wang, J., et al., 2005; Wang, Z., et al., 2008).  
Linear contrasts were applied to each participant‟s parameter estimates at the 
fixed effects level. These contrasts were then smoothed with a 5 mm FWHM isotropic 
Gaussian kernel to reduce between participant variability in brain structure and error 
of voxel displacement during normalization (Wang, Z., et al., 2008) and entered in a 
group level random effects repeated measures analysis of variance (ANOVAs) with 
condition and cycle as within participant factors. Covariance components were 
estimated using a restricted maximum likelihood (REML) procedure to correct for 
non-sphericity (Friston et al., 2002). Our primary analyses involved contrasts 
performed on correctly identified items according to blocking context and cycle. 
Three sets of planned t-contrasts were performed: The first was designed to compare 
regional perfusion signal changes or brain networks corresponding to the thematic, 
categorical and mixed blocking contexts across all six cycles. The second set was 
conducted to compare perfusion signal changes corresponding to the blocking 
contexts from cycle two onwards, as these are the cycles in which the interference 
effect typically manifests (Belke & Stielow, 2013). Finally, we contrasted context 
effects solely in the first cycle data, designed to identify regions demonstrating 
perfusion signal changes putatively corresponding to semantic priming (e.g., 
Navarrete et al., 2012). However, it should be noted that these contrasts are relatively 
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underpowered as they involve (maximally) only 16 trials per condition per 
participant. 
As we had a priori hypotheses concerning specific cortical regions associated 
with various processing stages involved in speech production, we opted to first restrict 
voxel-wise analyses to a set of predefined regions of interest (ROIs) via small volume 
corrections (SVC), thereby controlling for multiple comparisons only in those voxels, 
using labeled maximum likelihood maps from 3D probabilistic atlases. Excepting the 
medial temporal lobe structures, all of these were selected from the Hammers et al. 
(2003) probabilistic atlas: left mid-temporal cortex (mid-MTG/STG identified by the 
Indefrey & Levelt, 2004 meta-analysis associated with lemma selection), LIFG (top 
down biasing or booster mechanism; e.g., Belke & Stielow, 2013; Oppenheim et al., 
2010; see Schnur et al., 2009); bilateral hippocampus, right IFG and bilateral ACC 
(RIF; e.g., Kuhl et al., 2007; Wimber et al., 2009; see Levy & Anderson, 2008; see 
also Gluck et al., 2003; Hocking et al., 2009). The left and right hippocampus ROIs 
were derived from the SPM Anatomy toolbox (Eickhoff et al. (2005) based on 
cytoarchitectonic probability atlases (Amunts, Schleicher, & Zilles, 2007), whereas 
the bilateral perirhinal cortex (shared semantic feature activation and priming; Moss, 
et al. 2005; Tyler et al. 2004; Wang, W-C., et al., 2010) was selected from the 
Holdstock et al. (2009) probabilistic atlas. We employed SVC as our hypotheses 
typically concerned a subset of voxels within each ROI, rather than the mean activity 
across all voxels (see Poldrack, 2007). However, by estimating SVC thresholds from 
all voxels within the larger ROI, this approach produces a more conservative 
threshold for controlling type 1 error. 
A height threshold of p < .005 was adopted in conjunction with spatial cluster 
extent thresholds of p < .05 (family-wise error [FWE] corrected) established 
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independently for the whole brain (503 voxels) and each ROI using an estimate of the 
probability of false positive (noise-only) clusters (determined via the smoothness of 
the image of the residuals from the random effects analysis, i.e., √ResMS, masked 
with each anatomical ROI and whole brain mask from the random effects analysis, 
respectively) using a Monte Carlo estimation procedure with 10,000 simulations 
(3dFWHMx and 3dClustSim, implemented in Analysis of Functional NeuroImages 
toolkit, AFNI; National Institute of Mental Health, Bethesda, MD).  
 
3. Results 
 
3.1 Behavioural data 
Due to technical difficulties, data acquisitions from three participants were 
unable to be completed, and new participants were substituted to complete the 24 
experimental lists. One experimental list was repeated due to clerical error, and the 
additional participant‟s data are included in the analyses reported below. Trials on 
which the voice key failed to detect a response (4.68%), trials with speech errors or 
verbal dysfluencies (.82%), and trials with naming latencies deviating more than 2.5 
standard deviations from a participant‟s mean RT within experimental context 
(1.99%) were excluded from analysis. Due to the low rate, speech errors were not 
subjected to analysis. 
 Mean naming latencies per context and cycle are shown in Figure 2. A 
repeated measures analysis of variance (ANOVA) was conducted, with context and 
cycle as within-participant factors. Item analyses were not conducted given the 
traditional F1 is the correct test statistic when item variability is experimentally 
controlled by matching or by counterbalancing, as is the case in the blocked cyclic 
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naming paradigm (see Raaijmakers, Schrijnemakers, & Gremmen, 1999; also Belke 
& Stielow, 2013). Significant main effects of context F(2, 48) = 22.26, MSE = 
1560.56, p < .001, η2 = .48, and cycle F(5, 120) = 51.91, MSE = 741.68, p < .001, η2 
= .68 were found, in addition to a significant interaction F(10, 240) = 4.04, MSE = 
561.25, p < .001, η2 = .14.  
Follow-up contrasts between the respective contexts were next conducted with 
the data from all cycles. The thematic context did not differ from the heterogeneous 
context F(1, 24) < 1, p = .62, η2 = .48, however, the effect of cycle F(5, 120) = 48.13, 
MSE = 704.89, p < .001, η2 = .67 and interaction F(5, 120) = 5.33, MSE = 405.37, p < 
.001, η2 = .18 were significant. For the comparison of categorical and heterogeneous 
contexts, significant main effects of context F(1, 24) = 32.04, MSE = 1498.54, p < 
.001, η2 = .57, and cycle F(5, 120) = 45.73, MSE = 633.56, p < .001, η2 = .66 were 
found, in addition to a significant interaction F(5,120) = 6.72, MSE = 602.92, p < 
.001, η2 = .22. For the categorically and thematically homogeneous contexts, 
significant effects of context F(1, 24) = 28.36, MSE = 1970.79, p < .001, η2 = .54, and 
cycle F(5, 120) = 23.18, MSE = 706.16, p < .001, η2 = .49 were also found. However, 
the interaction was not significant F(5, 120) < 1, p = .50.  
In order to determine whether the first cycle data produced a short-lived 
semantic priming effect (e.g., Damian & Als, 2005; Navarrete et al., 2012), the mean 
latencies in each context were contrasted, indicating significant facilitation for 
thematically related compared to categorically related t(24) = -3.74, p < .001, d = -.75, 
and unrelated items, t(24) = -4.84, p < .001, d = -.97. The latencies for the 
categorically and unrelated items did not differ significantly, t(24) = -.80, p =.43, d = -
.16. In summary, naming latencies are relatively slower from the second cycle onward 
for the categorically related compared to unrelated and thematically related items 
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items (see Fig. 2).  However, the thematically related items show relatively faster 
naming latencies in the first cycle and a similar pattern of naming latencies to the 
unrelated items across remaining cycles.  
 
-----Insert Figure 2 about here----- 
 
As the primary focus of our study was the interference effect that manifests 
from the second cycle onward, we conducted a second series of ANOVAs excluding 
data from the first cycle. This revealed a significant main effect of context, F(2, 48) = 
24.43, MSE = 1567.50, p < .001, η2 = .50. However, the effect of cycle F(4, 96) = .19, 
MSE = 547.97, p = .94, η2 = .01, and interaction F(8, 192) = 1.33, MSE = 570.34, p = 
.23, η2 = .05 were no longer significant, indicating the significant interaction in the 
first analysis was due to the difference between the first and subsequent cycles as is 
typical (see Belke & Stielow, 2013). Follow-up contrasts between the respective 
contexts were next conducted. These revealed significant interference for the 
categorically homogeneous compared to heterogeneous context, F(1, 24) = 43.17, 
MSE = 1451.08, p < .001 η2 = .64, no effect of cycle F < .3, and a marginally 
significant interaction, F(4, 96) = 2.28, MSE = 559.38, p = .066, η2 =.09. Significant 
interference was also found for the categorical compared to thematic homogeneous 
contexts, F(1, 24) = 43.60, MSE = 1838.76, p < .001 η2 = .64, as were significant 
effects of cycle F(4, 96) = 7.08, MSE = 742.68, p < .001, η2 =.23, and interaction, 
F(4, 96) = 6.19, MSE = 582.322, p < .001, η2 =.21. However, both context and cycle 
effects and the interaction were not significant for the comparison of the thematic and 
heterogeneous contexts, all Fs < 1.2.  
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Finally, the linear component of the interaction of cycle and context for the 
comparison of categorically related and unrelated contexts was investigated to 
determine if the interference was cumulative beyond the second cycle (see Belke & 
Stielow, 2013). This revealed a significant linear trend, F(1, 24) = 10.81, p < .005, η2 
= .31. No higher order effects (i.e., quadratic and cubic) were significant, all Fs < 1. 
Inspection of the data in Figure 2 shows this cumulative interference effect is due to 
both increases and decreases in naming latencies across cycles, respectively for the 
categorically related and unrelated items.  
 
3.2 Imaging data 
One participant‟s separate M0 image acquisition failed, hence their perfusion 
data were reconstructed using the initial M0 volume acquired within each session per 
the manufacturer‟s sequence.  
 
3.2.1. A priori defined ROI analyses. Across all six cycles, comparisons of 
thematically homogeneous and heterogeneous contexts failed to reveal any 
significant perfusion signal changes in either direction in any of the a priori defined 
ROIs. No significant perfusion increases were observed for the categorically 
homogeneous context compared to the heterogeneous contexts. However, the opposite 
contrast (categorically homogeneous < heterogeneous) revealed significant perfusion 
decreases in the left posterior temporal cortex ROI, with a peak in the inferior 
temporal gyrus and cluster extending into the middle temporal gyrus (MTG; see Table 
1). Comparisons of thematically and categorically homogeneous contexts failed to 
reveal any significant perfusion signal changes in either direction.  
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-----Insert Table 1 about here----- 
 
Confining the analysis to cycles two through six, (where categorical effects 
were evident in the behavioural results) comparisons of thematically homogeneous 
and heterogeneous contexts again failed to reveal any significant perfusion signal 
changes in either direction in any of the a priori defined ROIs. No significant 
perfusion increases were observed for categorically homogeneous compared to 
heterogeneous contexts. However, the opposite contrast (categorically homogeneous 
< heterogeneous) revealed significant perfusion decreases in several of the ROIs: in 
the left posterior temporal cortex with a peak in the MTG, in the left middle temporal 
cortex with a peak in the MTG, and a peak in the posterior portion of the left 
hippocampus ROI (see Table 1). Comparisons of thematically and categorically 
homogeneous contexts revealed significant perfusion signal decreases (i.e., 
categorically homogeneous < thematically homogeneous) solely in the left 
hippocampus ROI. For the first presentation cycle data, comparisons involving all 
three contexts failed to reveal any significant perfusion signal changes in either 
direction in any of the ROIs. 
 
-----Insert Figure 3 about here----- 
 
We next investigated the cumulative interference effect by constructing linear 
contrasts for the categorically homogeneous and heterogeneous contexts across cycles 
two through six, and then tested differences in perfusion signal changes between these 
linear contrasts. Only one of these contrasts (decreases in categorically homogeneous 
versus increases in heterogeneous contexts) revealed significant cumulative perfusion 
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changes in the left middle temporal cortex ROI with a peak in the MTG and in the left 
hippocampus ROI (Table 1 and Figure 3). 
 
3.2.2 Exploratory whole brain analyses. Across all six cycles, comparisons involving 
all three contexts failed to reveal any significant perfusion signal changes in either 
direction. For cycles two through six, comparisons of thematically homogeneous and 
heterogeneous contexts again failed to reveal any significant perfusion signal changes 
in either direction. No significant perfusion increases were observed for the 
categorically homogeneous compared to the heterogeneous contexts. However, the 
opposite contrast (categorically homogeneous < heterogeneous) revealed significant 
perfusion decreases in a large cluster in the left posterior temporal cortex with a peak 
in the MTG (see Table 1). Comparisons of thematically and categorically 
homogeneous contexts failed to reveal any significant perfusion signal changes in 
either direction. For the first presentation cycle data, only the comparison of 
thematically and categorically homogeneous contexts revealed significant perfusion 
decreases in the right cerebellum for the latter context (Table 1). However, this result 
should be interpreted with caution as it likely reflects some variability in the limited 
coverage of the cerebellum between individuals (see Image acquisition above). 
Finally, we investigated the cumulative interference effect by constructing 
linear contrasts for the categorically homogeneous and heterogeneous contexts across 
cycles two through six, i.e., we contrasted linear increases in perfusion signal over 
cycles in the categorically homogeneous context versus linear decreases in the 
heterogeneous context and vice versa. The first contrast revealed significant 
cumulative perfusion signal changes in the posterior right inferior temporal cortex 
(Table 1). The opposite contrast failed to reveal any significant perfusion changes. 
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4. Discussion 
 
The current study investigated the mechanisms responsible for semantic 
context effects in the spoken production of object names. Specifically, we used 
perfusion fMRI to investigate the interference effects reported for categorical and 
thematic relations in the blocked cyclic naming paradigm. We found a significant 
interference effect for objects named in categorically homogeneous compared to 
heterogeneous contexts that accumulated from the second presentation cycle onward. 
This interference effect was associated with significant cerebral perfusion decreases 
in the left hippocampus and in left middle and posterior lateral temporal cortical 
areas. By contrast, we found thematically homogeneous contexts facilitated naming 
latencies significantly in the first presentation cycle, and did not differ from 
heterogeneous contexts thereafter. Objects named in thematically homogeneous 
contexts did not elicit significant perfusion signal changes compared to heterogeneous 
contexts. 
 Our observation of a significant interference effect for categorically 
homogeneous contexts is consistent with previous reports (see Belke & Stielow, 2013, 
for a review). Specifically, we observed a significant interaction of context and cycle, 
with the interference effect manifesting from the second cycle onward. However, we 
also observed a significant linear component, with the interference effect 
accumulating from the second cycle onward, consistent with the simulation in 
Oppenheim et al.‟s (2010) incremental learning account. According to Belke and 
Stielow (2013), this is not a typical finding in the blocked cyclic naming paradigm. 
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As the majority of the studies in their review did not report analyses of linear 
components based on data from the second cycle onward, Belke and Stielow (2013) 
supported this conclusion with indirect evidence, noting “the absence of an interaction 
in the analysis without the first presentation cycle demonstrates that there is clearly no 
linear accumulation of the semantic context effects over presentation cycles in any of 
the studies.” (p. 6). In fact, of the three studies included in their review that performed 
linear trend analyses from the second presentation cycle onward, one demonstrated a 
significant cumulative effect and this occurred in the absence of a significant 
interaction of context and cycle (Belke, 2008, Experiment 1). This was also the case 
in the present study. Given that at least three additional studies have reported linear 
increases in naming latencies from the second cycle in healthy participants (Biegler, 
Crowther, & Martin, 2008; Schnur et al., 2006; Scott & Wilshire, 2010), it seems 
cumulative interference effects can occur in the blocked cyclic naming paradigm, and 
it would be informative if future studies also conducted the relevant linear trend 
analysis.  
 We were unable to replicate the interference effect for thematically 
homogeneous contexts reported by Abdel Rahman and Melinger (2007; also Aristei et 
al., 2011). This result is somewhat surprising as we employed objects with thematic 
relations that were quite transparent, eliciting a semantic priming effect in the first 
presentation cycle consistent with previous reports (e.g., Abdel Rahman & Melinger, 
2007; see Navarrete et al., 2012). Facilitation is a typical finding for thematically 
related distractor-target pairings in the PWI paradigm (e.g., de Zubicaray et al., 2013; 
Muehlhaus et al., 2013; see Abdel Rahman & Melinger, 2007). Abdel Rahman and 
Melinger (2007) proposed the blocking context „swings‟ the activation in the lexical 
network from facilitation to interference by activating a cohort of competitors. In the 
 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
Semantic context effects  29 
Introduction (Section 1) to this paper, we noted that some of the objects included in 
their thematically homogeneous contexts shared features making them potential 
lexical candidates, and this confound might have contributed to the interference 
effects observed. One possible argument against this interpretation is that Abdel 
Rahman and Melinger (2011) were able to demonstrate interference for objects that 
could be integrated into a common theme yet did not share features (e.g., stool, knife, 
bucket, and river). However, this interference only occurred when the blocks were 
preceded by a verbal cue (e.g., fishing trip). An alternative explanation involves 
assuming the verbal cue allowed participants to generate a composite mental image 
from the objects. For example, Lloyd Jones and Vernon (2003) instructed participants 
to make orientation and size decisions about a mental image of a target object 
retrieved from memory while simultaneously presenting them with categorically 
related or unrelated objects. Decision times were longer in the former condition. 
Lloyd Jones and Vernon (2003) concluded that interference from categorically related 
pictures on image generation and inspection was semantically mediated. Hence it is 
possible that the generation of a composite mental image contributed to the 
interference effect in Abdel Rahman and Melinger‟s (2011) study. Irrespective of 
whether this explanation is correct, further independent demonstrations of 
interference effects in thematically homogeneous contexts are required to support 
Abdel Rahman and Melinger‟s (2009) swinging lexical network model, in the absence 
of feature sharing confounds or use of verbal cues. 
 The comparison of categorically homogeneous versus heterogeneous contexts 
revealed significant decreases in cerebral perfusion signal in the left hippocampus and 
middle and posterior temporal lateral cortex. The location and polarity of the effects 
in the left mid-posterior lateral temporal cortex are consistent with those reported for 
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comparable semantic interference effects in the PWI paradigm, suggesting common 
lexical-level selection mechanisms operate in both paradigms (e.g., de Zubicaray & 
McMahon, 2009; de Zubicaray et al., 2013; Piai et al., 2013). In addition, the 
hippocampal involvement is consistent with the operation of an incremental learning 
mechanism (e.g., Gluck et al., 2003; Meeter et al., 2005; Norman et al., 2007; 
Oppenheim et al., 2010). Notably, these regions also demonstrated cumulative 
perfusion signal changes over cycles. As the neuroimaging data cannot provide direct 
evidence of a competitive lexical-selection mechanism, the results can be interpreted 
as being consistent with both competitive and non-competitive selection accounts 
incorporating incremental learning (e.g., Damian & Als., 2005; Oppenheim et al., 
2010; cf. Janssen et al., 2011). However, the results also place constraints on 
additional mechanisms proposed in some of these accounts, as we explain below. 
The interference effect was not associated with any significant perfusion 
signal changes in the LIFG, contrary to proposals that this cortical region mediates a 
booster or top-down biasing mechanism that contributes to slower naming latencies in 
the homogeneous contexts (e.g., Belke & Stielow, 2013; Oppenheim et al., 2010). 
This was true for both sets of analyses involving data from all presentation cycles and 
from the second cycle onward. In the Introduction (Section 1.1) to this paper, we 
noted that prior neuroimaging, lesion and tDCS studies had either not included 
presentation cycle as a factor in their analyses (e.g., Hocking et al., 2009; Janssen et 
al., 2011; Maess et al., 2002; Pisoni et al., 2012; Wirth et al., 2011) or partialed it out 
(e.g., Schnur et al., 2009), with LIFG involvement reported inconsistently across 
studies. We also noted this approach likely conflates two separate mechanisms 
proposed to operate in the first and subsequent cycles (e.g., Damian & Als, 2005; 
Navarrete et al., 2012). 
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In their review, Belke and Stielow (2013) concluded “It appears that any 
future model of word production unavoidably faces the challenge of specifying how 
left frontal mechanisms of domain-general cognitive control interact with 
paradigmatic interference during lexical-semantic encoding.” (p. 23). The authors 
supported this proposal by noting that concurrent performance of a working memory 
(WM) task exacerbated the interference effect (Belke, 2008). The WM task employed 
by Belke (2008; also Belke & Stielow, 2013) required participants to retain a five-
digit probe item over five successive naming trials and then judge whether a five-digit 
prompt matched the probe item. Short-term retention tasks such as these are not 
typically regarded as relying on prefrontal cortex (PFC), unless they also require 
interference-resolution, control, attention, response preparation, motivation, or reward 
mechanisms during the delay period (see Jonides et al., 2008). It is also worth noting 
that patients with prefrontal cortex (PFC) lesions have not shown impairments on 
these types of tasks. For example, D‟Esposito et al. (2006) had patients with lateral 
PFC lesions retain three to four letter probes over a six and a half second delay. On 
some trials, distracting words were presented during the retention delay, whereas on 
other trials the delay was unfilled. The patients‟ performance did not differ from 
healthy controls, even with distraction.  
In fact, there is considerable evidence that hippocampal lesions impair 
performance on short term retention tasks, with the hippocampus playing an 
important role in WM more generally (for reviews, see Ranganath & Blumenfeld, 
2005; Jonides et al., 2008). Intracranial recordings have shown initiation and 
maintenance of hippocampal theta during similar digit retention span tasks (e.g., 
Tesche & Karhu, 2000). As we observed significant perfusion changes in the 
hippocampus associated with the interference effect, Belke‟s (2008) findings with a 
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concurrent digit retention task might instead be interpreted as support for the 
involvement of a common incremental learning and WM mechanism (e.g., Meeter et 
al., 2005). These findings could also be integrated with existing models linking verbal 
short term memory and lexical access in word production (e.g., Martin & Gupta, 
2004). The absence of significant perfusion signal changes in the ACC or right IFG 
suggest that top-down control mechanisms implicated in retrieval induced forgetting 
(RIF) are not required for resolving the interference effect (e.g., Kuhl et al., 2007; 
Levy & Anderson, 2008; Norman et al., 2007; Wimber et al., 2009). However, our 
observation of significant perfusion signal changes in the hippocampus provides the 
minimum support needed for the RIF-like mechanism proposed by Oppenheim et al. 
(2010; e.g., Norman et al., 2007). 
 We also failed to observe any significant perfusion signal changes in the 
perirhinal cortex (PRc) associated with the interference effect. Given the substantial 
evidence indicating a role for PRc in conceptual feature processing (e.g., Bussey et 
al., 2005; Chan et al. 2011; Clarke et al., 2012; Hocking et al., 2009; Moss, et al. 
2005; Tyler et al. 2004), the absence of differential responses is not consistent with 
the interference effect originating at the conceptual feature level (e.g., Belke, 2013) or 
in feature-to-lexical connections (e.g., Damian & Als, 2005; Oppenheim et al., 2010). 
Other studies have also demonstrated that the interference effect might not necessarily 
reflect conceptual processing. For example, manipulations of feature similarity 
(Damian et al., 2001) within categorically-homogeneous contexts do not influence the 
magnitude of the interference effect, despite evoking differential PRc activity 
(Hocking et al., 2009). Damian et al. (2001) also failed to observe any differences 
between homogeneous and heterogeneous contexts when the task was changed to 
orientation judgments or word naming, and so proposed a lexical origin and locus for 
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the interference effect. However, Belke (2013) argued that orientation judgments do 
not necessarily involve access to conceptual features (for empirical evidence to the 
contrary see Boucart & Humphreys, 1994, 1997).  
 As noted above, the significant perfusion signal changes in the present study 
were restricted to left middle and posterior lateral temporal cortex and the 
hippocampus. In the absence of evidence for the involvement of additional 
mechanisms, we consider the most parsimonious interpretation of our results to be 
that the interference effect in blocked cyclic naming both originates and has its locus 
at the lexical level (e.g., Damian et al., 2001), and involves incremental learning (e.g., 
Damian & Als, 2005). Wheeldon and Monsell (1994) originally proposed that 
selection of a target lexical representation is slowed if a competitor has been made 
more available by recent processing. This is a likely scenario in the blocked-cyclic 
paradigm that involves repeating small sets of items. Damian and Als (2005) noted 
that a computational simulation might therefore involve adaptations in a lexical 
representation‟s excitability on subsequent trials, either by incrementing its resting 
level following access or by adjusting the rate at which it attains activation (i.e., its 
bias; e.g., Howard et al., 2006).   
 The present results are also relevant to the debate about the mechanisms 
responsible for the cumulative interference effect in the continuous naming paradigm, 
in which naming latencies increase monotonically with each ordinal presentation 
within a category, unaffected by lag (e.g., Howard et al., 2006). Oppenheim et al. 
(2010) proposed that cumulative interference effects in both naming paradigms reflect 
the operation of identical mechanisms. However, Belke and Stielow (2013) 
demonstrated that a concurrent digit retention task did not exacerbate the interference 
effect in the continuous naming paradigm, unlike blocked cyclic naming (e.g., Belke, 
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2008), indicating different mechanisms might be involved. Navarrete et al. (2010) and 
Belke (2013) have also presented evidence indicating the interference effect in the 
former task might originate in conceptual-to-lexical connections. Recently, de 
Zubicaray et al. (2013) demonstrated cumulative interference in the continuous 
naming paradigm was associated with significant perfusion increases in the left 
middle lateral temporal cortex and PRc, although not in the hippocampus. They 
interpreted the results as being consistent with Howard et al.‟s (2006) account that 
attributes the cumulative interference effect in that paradigm to mechanisms involving 
priming of shared conceptual features and lexical selection by competition. The 
present findings of significant perfusion changes of opposite polarity for blocked 
cyclic naming in the left mid-posterior lateral temporal cortex and hippocampus 
provide additional evidence that different mechanisms are likely involved across 
tasks. 
 
4.1.Conclusions 
 
In summary, our findings both inform and constrain the mechanisms proposed 
for interference effects in blocked cyclic naming. The significant perfusion decreases 
observed in the left mid-posterior lateral temporal cortex and hippocampus for 
categorically homogeneous contexts indicate the effect is likely to both originate and 
have its locus at the lexical level while also involving an incremental learning 
mechanism (e.g., Damian et al., 2001; Damian & Als, 2005). In addition, our findings 
indicate the effect can accumulate from the second cycle onwards (e.g., Oppenheim et 
al., 2010; cf. Belke & Stielow, 2013). We found no evidence to support proposals that 
the effect originates at the conceptual feature level or in conceptual-to-lexical 
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connections that might be hypothesised to engage the PRc, nor did we find any 
evidence of LIFG involvement proposed to reflect the operations of a booster (e.g., 
Oppenheim et al., 2010) or top-down mechanism to bias lexical selection (e.g., Belke 
& Stielow, 2013). The findings in the hippocampus might also be interpreted as 
partial support for the proposal that the interference effect reflects a RIF-like 
mechanism (e.g., Oppenheim et al., 2010; see Norman et al., 2007), despite the 
absence of evidence for additional top-down inhibitory mechanisms in ACC and right 
IFG (e.g., Kuhl et al., 2007; Levy & Anderson, 2008; Wimber et al., 2009). Although 
we observed a significant facilitation effect for thematically related contexts in the 
first presentation cycle, we did not observe an interference effect over subsequent 
cycles or any significant perfusion signal changes compared to heterogeneous 
contexts (e.g., Abdel Rahman & Melinger, 2007; Aristei et al., 2011). Thus, the 
results do not support accounts that propose thematically related words can also be 
active lexical competitors (e.g., Abdel Rahman & Melinger, 2009). 
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Table 1. Cerebral regions showing significant activity as a function of context and 
cycle in the fMRI experiment 
 Peak MNI  
(x y z) 
Z 
score 
Cluster Size 
(Voxels) 
Categorically Homogeneous < 
Heterogeneous All Cycles 
     
Left posterior inferior and middle 
temporal gyri
b
 
-52 -42 -14 3.28 440 
      
Categorically Homogeneous < 
Heterogeneous Cycles 2 to 6 
     
Left posterior middle temporal 
gyrus
a,b
 
-46 -42 2 3.09 587 
Left middle and inferior temporal 
gyri
b
 
-64 -8 -26 3.53 104 
Left hippocampus
b
 -18 -30 -10 3.18 213 
      
Thematically > Categorically 
Homogeneous Cycles 2 to 6
 
     
Left hippocampus
b
 -18 -30 -14 2.74 21 
      
-Cumulative SI effect Cycles 2 to 6      
Left middle and inferior temporal 
gyri
b
 
-64 -8 -26 3.40 81 
Left hippocampus
b
 -24 -40 4 3.11 187 
Cumulative SI effect Cycles 2 to 6      
Right posterior inferior temporal 
gyrus
a
 
48 -64 -8 3.23 559 
      
Thematically < Categorically 
Homogeneous Cycle 1  
     
Right cerebellum 30 -42 -26 3.50 603 
      
      
Height threshold p < .005 and p < .05 cluster FWE corrected 
a
Whole brain corrected. 
b
ROI corrected.  
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Figure Captions 
 
Figure 1. Matrix depicting the object stimuli used in the experiment, consisting of 
sets of four categorically-related (arranged in columns) and four thematically-related 
objects arranged in homogeneous contexts (in rows). Heterogeneous sets were created 
using sets of four unrelated objects. 
 
Figure 2. Mean naming latencies as a function of context (categorically and 
thematically homogeneous versus heterogeneous) and cycle. Error bars represent one 
standard error (SE). 
 
Figure 3. (Top) Lateral (left) and medial (right) views of a rendered left hemisphere 
cortical surface depicting significant perfusion signal decreases from the second cycle 
onward associated with the interference effect in the categorically homogeneous 
versus heterogeneous contexts (height thresholded at p < .005 and cluster thresholded 
at 50 voxels for viewing purposes). (Bottom) Plots of mean centered effect sizes (beta 
values; y axis) at peak voxels as a function of context and cycle (x axis). MTG - 
middle temporal gyrus. 
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